SUPPLEMENTAL AMENDMENT UNDER 37 C.F.R. §1.111 Attorney Docket No.: Q88254 
Application No. : 1 0/537,464 

REMARKS 

Review and reconsideration on the merits are requested. 

In the present Amendment, claim 9 has been amended to correct an inadvertent error, and 
claim 1 1 has been amended by adding a period at the end of the sentence. 

Claims 14-20 have been newly added and depend directly or indirectly from claim 9. 
Specifically, claims 14-20, directed to the method according to claim 9, further define the 
sealant composition by incorporating the subject matter recited in original claims 2-8, 
respectively. No new matter has been added. Support for the amendments can be found, in 
original claim 9, for example. 

Entry of the Amendment is respectfully submitted to be proper. Upon entry of the 
Amendment, claims 1 -20 will be all the claims pending in the application. 

The following documents were submitted in the Rule 1.111 Amendment filed on October 
15,2008: 

Document 1: ARONIX CATALOGUE, issued by TOAGOSEI CHEMICAL INDUSTRY 
CO., LTD. on July 1, 1993. 

Document 2: Journal of Paint Technology, p76-l 18, Vol 42 (1970). 

Document 3: Journal of the Adhesion Society of Japan, p51~54, Vol. 22 (1986). 

Applicants now submit, for Examiner's consideration, a partial English translation and 
explanation of the relevant sections of Documents 1, 2 and 3 pertaining to the solubility 
parameter. 

Also, a new Document 4 is submitted herewith together with a partial English translation 
describing the unit of solubility parameter. 
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SUPPLEMENTAL AMENDMENT UNDER 37 C.F.R. §1.111 Attorney Docket No. : Q88254 
Application No.: 10/537,464 

Document 1 : ARONIX CATALOGUE, issued by TOAGOSEI CHEMICAL INDUSTRY 
CO., LTD. on July 1, 1993. 

Part A on page 2 states in pertinent part: 

"Kind of ARONIX : ARONIX is classified as set forth in the following table, depending 
on a structure of resin and the number of acryloyl group. 
Specific Acrylate" 

Part B on page 2 states in pertinent part: 

"Trifunctional M-309 Trimethylolpropanetriacrylate TMPTA Low Viscosity". 
Part C on page 5: 



Product 
Name 
(Abbreviati 
on) 


Classification 


Structure 
Formula 


Tone 
(APHA) 


Viscosity 
(cps/°C) 


Solvent 
Content 

(%) 


Acid Value 
(mgKOH/g) 


Specific 
gravity 

(/°c) 


Part Don page 5: 


M-309 
(TMPTA) 


CH 2 =CHCOOCH 2 )3 
-CCH2CH3 


200 or 
less 


80- 
140/25 


1 or 
less 


0.5 or less 


1.111/25 



Document 2 : Journal of Paint Technology, p76-l 18, Vol. 42 (1970). (Please see the 
attached sheets). 

On page 76, the solubility parameter (6) is defined by the following formula 1): 
8 - (AE/V) 1/2 1) 
AE: internal energy (unit: cal'tnol" 1 ) 
V: mole volume (unit: cm 3 +mor') 
Thus, the unit of solubility parameter 
(AE/V) 1/2 = [(cal-mol -1 ) / (cm 3 »mol" 1 )] ,/2 
(cal/cm 3 ) 1/2 
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SUPPLEMENTAL AMENDMENT UNDER 37 C.F.R. §1.111 Attorney Docket No.: Q88254 
Application No. : 1 0/537,464 

On page 1 15, as a unit of the solubility parameter (5) , the following is described in Table 

1: 

(cal/cc) 1/2 = (cal/cm 3 ) 1/2 
Document 3: Journal of The Adhesion Society of Japan, p. 51-54, Vol. 22, (1986). 

Part A on page 5 1 : The reports by Small, Hoy and Fedors, who expect a SP value of polymer, 
are described in detail. 
l.Case ofSmall 2) 

In the report of 1953, he started to discuss a thermodynamics of solution. The article, 
which exceeds a compacted 8-page, is basic and sufficient to study. However, in this portion, 
all are abbreviated, but only an expectation of SP value is described. The formula by Small is 
simple and is the following formula (1), which relates to a repeating unit of polymer: 

SP = 8 = I F/V(l) 

He calls "F" as "molar-attraction constant", which is a value in Table 1. "V" is a molar 
volume (cm 3 mol" 1 ) . The unit of F is (cal cm 3 ) 172 !™!" 1 ." 

On page 51, Small estimates a solubility parameter (8) by the following formula (1). 
8 = 1 F/V 

F: molar-attraction constant (unit: (cal cm 3 ) 1/2 mol" 1 ) 
V: mole volume (unit: cm 3 mol" 1 ) 

Thus, the unit of solubility parameter is calculated back as set forth below. 
8 = [(cal cm 3 ) 1/2 mor 1 ] / [cm 2 mol" 1 ] - [(cal cm 3 )" 2 ] / [cm 3 ] 

= (cal) 1/2 (cm 3 ) 1/2 (cm 3 )-' 

- ( cal) 1/2 (cm 3 )" 1 ' 2 

= ( cal/cm 3 ) 1/2 
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SUPPLEMENTAL AMENDMENT UNDER 37 C.F.R. §1.111 Attorney Docket No.: Q88254 
Application No.: 10/537,464 

Document 4; "Basic Polymer Chemistry", pages 297 to 298, February 10, 2001. 

Part A 

'The cohesive energy is expressed per unit volume. Thus, the unit is cal/cc. It is a 
cohesive energy density (CED). Further, the square root of the CED is called as a solubility 
parameter (SP)". 

In addition, please see the subject matter indicated by the arrow heads on page 298. 

With respect to the terminology "chrysanthemum-like element", Applicants further 
submit that the term is well known in the art to describe the shape of a creased matter formed by 
a number of ridges and grooves in a cylindrical shape. 

In view of the above, reconsideration and allowance of this application are now believed 
to be in order, and such actions are hereby solicited. If any points remain in issue which the 
Examiner feels may be best resolved through a personal or telephone interview, the Examiner is 
kindly requested to contact the undersigned at the telephone number listed below. 

The USPTO is directed and authorized to charge all required fees, except for the Issue 
Fee and the Publication Fee, to Deposit Account No. 19-4880. Please also credit any 
overpayments to said Deposit Account. 

Respectfully submitted, 




SUGHRUE MION, PLLC Peter D. Olexy « 

Telephone: (202) 293-7060 Registration No. 24,5 1 3 

Facsimile: (202) 293-7860 

WASHINGTON DC SUGHRUE/265550 

65565 

CUSTOMER NUMBER 

Date: November 17,2008 
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New Values 

Of the Solubility Parameters ^ 
From Vapor Pressure Data 



K, L, Hoy 

• Union Carbide Corporation* 



The folubittty parameters of a broad spectrum 
of solvent* *ad enemJcals are calculated from vapor 
pre rrure data usfog *n cxptwioa derived from i th* 



r^tfonshfp of Ka^aenmuohcr. In the owe of high 
' " , tha available vipor pretture data are 
tnrelfeble when extrapolated .to room 
temperature and an alternate method of calculation is 



proposed* A I tincture, conetep'oo U made using Jh* 
method of Small and new values of the molar cone- 



«ioo constant* are devafc 
ofotfon* of certain mob 
toe concept 
a qualitative 




The problem of aiso* 
' it discussed and 
introduced as 



INTRODUCTION 

Although a few coatings chemists have long roc* 
ognized the value of the contributions of Hildebrasd, 
Flory, Scott, Hoggins, and others, in the area* of poly- 
mer solubility and compatibiUry-guly In recent years 
have the developed theories been applied to solve 
practical problems encountered in the coatings indus- 
try. Perhaps the reason for the long span of time be* 
tween theory and application-nearly 60 years since 
the initial work by van Larr-has been the Inability 
of the theory to adequately predict the behavior or 
die complex mixtures required for practical vehicle 
formulations- However, as the coatings industry be- 
comes more sophisticated, the principles set forth 
by these and other workers are being increasingly 
adopted* 

The mathematical description of the solution pro- 
cess as first proposed by van Larr and later developed 
by HUdebrand 1 and Scatchard* is centered around a 
concept Introduced, and termed the "solubility pa- 
rameter," byHildebrand, 



The classic compilation of data by BurreiF fo t 
middle of the last decade has served as a basis { 
extending the usefulness of the concept by more : 
cent workers including Iicberman + Frausmte,* Qt 
don,* and Crowley e* SL T However, since the work 
Bun-ell there has been no concerted effort to reGae a: 
expand this baric information. '« * 

The initial purpose of this work is not to seek e 
planations for notorious exceptions to the theory b 
rather to re-examine the source of the data and reft 
and expand it to a much broader working base, 



DISCUSSION 



' The solubility parameter is defined as: 



where S is the solubility pafl 
e nergy, and V the molar volui 
^V%esolub% parameter becomes: 




lUHtMs ft** CSwffKftl, W» V*. 



In the final analysis the calculation of the soh 
bility parameter revolves around obtaining the Vtk 
of tb* neat of vapofUatiaru BuxreU used an empiric* 
equation developed by Hildebrand tor hydrocarbon, 
and assumed the vapors behaved ideally, the pararr 
eter was calculated by Buxrel] and then corrected at 
cording to several empirical rules he developed. 

Xt was decided to recalculate values lor the sole 
bility parameters from vapor pressor* data end to c* 
tend the list as much as possible. 

A search of the literature reveals that one of tfr 
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(5) 



E ? Using equation* (3) and W «4 vapor pressure 
u/>"th*f©*» of the Antoine equation (5)* 



.y, se t»« ipcriW votoiw * *f 

V, «* the •pcrifc volume of tw 

T «ri ttmperaiufe 

TC « critical tempei-acuM 

P sat prCMt" 1 * 

*c -5 critical prC53Urt? 

A K n heal o£ vaOOf Uttloa 



i "phi« 



where P r= pressure In mm Hfi; t =s tempmture in 
™Zd A,B,C^ eonstants.lt is possible to derive 
■ w e»reSon for the solubility parameter a* shown in 
•equation (6) x 

• Consequently, tb« following data are * 
culate tbe solubility parameter ol ft pure liquid at way 
desired terojtttttwe: Antoinc constants A, B, and C, 
critical temperature (To), critical pr^ure (J 0 )'^ 
rity temper***"* (T) So degree* abs and molecu- 
to\v£ght(M). 

OentraHy it is desirable to obtain tie vain* i of 
the wlubttity parameter tX&CTn certain cases i &I* 
tempemtnreV beyond th* tanfle o£ the usual Antojne 
Son. An airniaatbn of the Mtoine equation 
355* the, source of the ^or^^^h ^ 
. somewhat exaggerated diajtam shown ^ 

• pressure between Vx and- the Anto»no equafaoa 
describes the vapor prttsure-tenwfaature relationship 
quite well. However, at Jower and higher temperatures 
Se devlatiofi ;ictually beCOme* intolerable and usually 
new set* of Antoine constants are obtained. Unfor- 
tunately, these new Antolna constants are not always 
available. 

To circumvent this problem, an alternate means 
of reliably estimating the heat of vaportation at 
room temperature from data at different (usually 
. Wher) values, is neeessary. It has tjeen found etn- 
, pfically that at pressures below atmospheric pressure 
the latent heat ofvaporiafatjoo follows the refafionship: 
4K *= shit** ' : (7) 
In logarithmic form this becomes 



,9 « AH - mo? % + ^ 

| Voi- 42. No. H\. FEHRUAar 1970 



(00 P 




^predicted from Antoj I* . 



riftire i-lUu*»t»tidtt of fit o£ A«teuie equation to 
JT^eSi^Texi^^ tor vliual iDWipretaUon) 




yi«ure 5-X<(«t of tfimeefaiure on tog <aS/M> 
ofvswr 
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where aH° is tho heat of vaporkation at some star* 
dard temperature and m is a constant A test of equa* 
tton (8} is shown in Figures to several different 
classes of compounds. As can be seen, the relationship 
seems to be quite general 

tftfog this relationship it is possible to estimate 
the beat of vaporisation at 25* C by calculating the 
heat of vaporization in the temperature range in which 
the Antotae constants are valid and fitting these values 
into equation (fi) to detenuine the slope (m) t and 
(AH»J, With these two constants the heat el vapori- 
zation at C can bo estimated. Tobh 1 shows the 
results of such an extrapolation for a variety of com- 
pounds* Based on these results it is believed teat the 
maximum error is above + 4% or translated fa *ohi- 
bitty parameter, appcosimatety & 

The task of carrying out the calculations is rel- 
egated to a high speed digital computer. The data are 
tabulated in three formss (1) as alphabetical listing, 
(2) a listing in order of increasing selublHty param- 
eters, «nd (3) in order of increasing boiling points. 
In addition to solubility parameters and boiling points, 
data on molecubr weight; vapor pressure at S C and 
density in Ib^/gaDoo at 25 C ate included. Solubuty 
parameter data lor more than 630 Compounds nave 
Men calculated and are shown in 1 the tabulations. 
Some materials not normally considered solvents are 
Included because of the usefulness of these data to 
chemists interested in finding reaction media for vari- 
ous processes. Moreover, it was 'desired fie obtain as 
many different structural types as possible-for a sys- 
tematic correlation of structure and solubility param- 
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Structure Correlations 

Small* developed a method for estimating the 
ft value of the solubility parameter from chemical stove- 
, ture through additive group and constitutive molar at* 
1 traction constants 

One of the objectives of the present project is to 
re-examine those molar attraction constants over a 
broad spectrum of compounds usifcg multiple regres- 
sion analysts. TMs & readily accomplished with high 
speed digital computers. In the course of UnV investi- 
gation itbecame apparent, as was expected, that the 
only compounds which did not reliably yield to analy- 
sis were the adds, alcohols and other compounds 
which are capable of association. Ibe earboxylio add*, 
foe example, were predictable only to the extent Of 
* ltt It occurred tp the author that since tire stop* 
analysis was based on monomeric acids, not the dim- 
ericforra, if the structural features ot the dimetl were 

TCmh \t 2~Cecre1a<tae el Molar Volume CeaesZen 
Of Catbweylfc Acids « a 

* M^tr V»W»* C*J3frw*& m {'~U 



tatoa inio account these compounds might fulfill the 
requirements for a successful analysis. 

If it is assumed that cafboxylic acids exist as 
dimers, then the following factors must be incorpo- 
rated ha the calculation of the solubility parameter. 
Equation (1) for solubility parameter can be ex- 
p ff fty fed as« 

•-(#)" » 

A- 
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fa the case of diroeric carboxyllc acids, however, the 
actual molecular weight ft two times the simple for- 
mula weight (M), and the solubility parameter be- 
comes; 




Id a like ma oner the molar-volume cohesion (C) for 
tumeric cnrbox/lic adds Is given by equation (IX) : 

^(asH) 11 "* VT (it) 

The value of the solubility parameter of acetic 
acid when calculated from vapor pressure dote and 
considered as en nnassocjated molecule is 13.01. How- 
ever, when considered as a dimer* Its value is 9.J& It 
Is apparent that the dicieric form will have quite dif- 
ferent solubility characteristics from the monomeric 
form, and it therefore understandable that acetic 
add Is soluble In such diverse solvents as Water ($ 
o 23.5) as well as heptane (• m 7-5>. Treatment of 
a series of 14 carboxylic acids by multiple regression 
analysis using the dimerio Structure I has given satis- 
factory results, as listed in Tibia % 

Q4 — .. H— Q 
ScnictnreX 



Another group of solvents which have evaded cor* 
relation by simple structure consideration* are the gly- 
col-ether*. • la these cases it is possible to postulate the 

— CH. 

•V* 

Structure 2Z 

fcow.olecuiar^hydrogen bonded Structure K, Using 
this structure it is possible to correlate the molar 
volume cohesion by regression analysis, Tie results 
Ol these correlations are shows in Table 3. 

In this analysis, as well as in the case of the add, 
over 040 orgasio compounds were considered The 
samples consisted of aliphatic hydrocarbons, aromatic 
hydrocarbons, ketones, esters, and ethers, The over- 
the most reliable to date and accounted 
ror^Mfi?-of th° residual sum of square*. ^Xfcenaolar 
attraction constants generated are given xafabh 4.1 

Interestingly, a cursory examination oTTSeToTu* 
Wlity characteristics of the glycol-ethcrs reveals that 
certain members of these series. UVe the'actds, ere 
capable of being dissolved in polar solvents (water) 
ana non-polar solvents (heptane). See TtfWs 5 for ef- 
fects of these and other structures. It would appear 



• C*Uo*i«ft an* Cvbfcrf* mUwiu. prarfaa* 64 UaJm CuNdt 



T*Me t-Mohr Attraction Constant* 



MwbrAffrMtfaitt) 



~CHe- 



(echer, aceutl) 



t epoxide 

-coo- - 

>C«D 

^CUO „ 

1.0 



. SADS 

, 1SL5S 
H51 

.TO 

, 1144* 

saws 



, tszs$ 



—H aodTjc dime* 

Oft WWttlfi yM Hl i 



CI, 

Ci primary . 

a 



Br wamiUfl" 4 



, WW 
,257,81 
i S05v60 



Structure tenure 



Conjusatiw . 
CO 



4 M«nbered ring w 

5 Mcmbered ting . 

6 Maaberal ting 
prttw sMbwItutlcm 
Meta tnbiftitueloa . 

rutxtUimon 

0) 



77.76 

son 



940 

6jS 

use 



esq 



Value, 



U5.1 



J 10 



JowwAr, or Paott Tzchkowcv 



(*. L HOY 



Table *-)£rt«t at Structure on Solubility 
la Waitr and Hydrocarbon Solvent (Cont'd.) 
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that if the energy requirement* can be fulfilled either 
by simple diaierizajion or intramolecular association, 
then that pare of the molecule tends to adopt the 
Character of the surrounding environment; Le*. in polar 
solvents the materials are capable of interacting as 
polar solvents, while In non-polar solvents the polar 
interactions hto self-contained and the materials tend 
to behave in a non-polar manner. U is proposed that 
this ability to assume the character of the surrounding 
envtonrnent be termed "chameleonic* after the reptile 
which Is able to assume the color of Ms background. 

The chameleonic principle has wide ramifications 
when applied to practical problems; for example, the 
puzzling compatibility of the vinyl resin VAO*V as 
compared to vinyl resin VYHfluf VYHH is a vinyl 
chloride-vinyl acetate copolymer and VACH is a hack 
hydrolyzed version of VYHH. YetVAGH has a broad 

«B*UTfe* Wnyl win .VACH, ffttdtt* Vote* Cwe** Cdcp. 
t ** Win Way! fe»fn YTHK. 
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spectrum of compatibility with polar and relativeU 
non-polar solvents and resins In contrast to VYHJi 
Further inclusion of other hydroxy containing mono- 
mers in the polymer do not produce the dramatic 
effect of the vinyl alcohol moiety. However* if the 
vinyl chloride«vinyl alcohol entity operates as a cha- 
meleonic Structure Hi then it would be expected that 
VAGH would have a unlove broad spectrum compati- 
bility and solubility which can not be dupEcatea by 
the use of other monomers such at hydroxy ethyl 
aorylate, 

u 

* or o 

— CHi-CK Ah— 

Structure UX 

This explains why certain glycol-ether** solvents 
are useful as coupling solvents lor solubihzing rela- 
tively non-polar resins in water. The use of glycol 
ethersft to prevent blushing and cratcring of non- 
polar resins during drying under humid condition* can 
also be explained by the chameleonic principle. 

SUMMARY 

Over 980 values of the solubility parameter have 
been calculated from vapor pressure data and pre* 
sented in tabular form. From the data obtained it nai 
been possible to expand the usefulness of SmatTs Mo* 
lar Cohesion constants. The chameleonic nature of 
associated molecules is discussed as a means of under- 
standing certain observed physical phenomena, par- 
ticularly pusxHng solubility characteristics, of solvents 
which have evaded sirnplo, structure cotxolaKoos. 
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